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© Method of and apparatus for generating halftone image 

© An exposure signal representing a halftone im- 
age is generated by executing tone correction on at 
least either of an image signal and n pieces of dot 
pattern signals, and by comparing the image signal 
with the n pieces of dot pattern signals after the tone * 
correction. The tone correction characteristics are 
set to compensate for a difference in dot gain char- 
acteristics between dot types. The halftone image is 
accordingly reproduced with the compensated dot 
gain characteristics. ^ 
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BACKGROUND OF THE INVENTION 

Field of the Invention , . 

* The present invention pertains to a method and - 
an apparatus for generating a halftone image based . 
on an image signal representing an original con- 
tone image. 

Description of the Related Art 

In color offset printing, an original contone im- 
age, such as a photograph image,, is divided into' 
four color separation images corresponding to four 
color inks, that is, yellow, magenta, cyan, \ and 
black. A print is reproduced by overprinting the 
four color separation images with respective color 
inks one upon another. 

Usually, the four color separation images are 
recorded on respective . photosensitive films, and 
four printing plates are produced from those films. 
An image on a photosensitive film or on a printing 
plate will be hereinafter referred to as "halftone . 
image". A halftone image is composed of small / 
dots, or halftone dots, on which the. color ink is to 
be applied. The halftone dots are arranged at lat- 
tice points of regular intervals, and the density of 
the halftone image is defined by an area rate of the 
halftone dots. The area rate of the halftone dots is 
generally called a dot percent, or a halftone dot . • 
area rate. ' 

The interval between halftone dots is defined 
by a screen ruling, and an orientation of the array ;. 
of the halftone dots is defined by a screen angle.^ 
The screen ruling indicates the number of halftone 
dots per inch. The greater screen ruling reproduces 
an image of higher, resolution. A conventional meth- 
od utilizes halftone dots having a relatively low ' 
resolving power, whose screen ruling is up to about 
175 lines per inch. 

Recent advancement in printing technology al- ; 
* lows applications of halftone dots having a high 
resolving power whose screen ruling is as much as 
300 or. more lines per inch. Those halftone dots will 
be hereinafter referred to as high definition dots. 
The greater screen ruling makes each dot smaller 
and allows an original image. to be reproduced with 
, high resolution. • ■ j* 

The above halftone dots are arranged in a fixed 
array and the size of the dots is changed according 
to the density of the original image. In other words, 
an image is reproduced with halftone dots by ex- 
pressing the density of the image by means of 
Amplitude Modulation. The density of an image can 
be also' expressed by means of Frequency Modula- 
tion, which is called FM screening or FM dots. In 
the FM screening, dots * on which ink is applied 
have a fixed size while the frequency of appear- 



ance of dots is varied with the density of the 
image. The" FM screening uses dots which are 
significantly smaller than conventional halftone 
dots, thus reproducing an original image with high 

5 resolution. 

Since the FM dots have a non-periodical ar^ 
rangement unlike the conventional halftone dots, it 
is not correct to call the FM dots "halftone dots". In 
this specification, both the halftone dots and the 

io FM dots will be called "printing dots", or simply 

/ "dots". "High resolution dots" include the FM dots 
y and the high definition halftone dots. \\ \ 

The high resolution dots reproduce details of 
an original image more clearly and precisely than 

75 low resolution hajftone dots. The high definition, 
halftone dots having the small printing-dot size 
makes rosette moires sufficiently inconspicuous. 
The FM screening also prevents rosette moires 
, because the arrangement of the FM dots is not 

20 periodical, v . ■■■ 

. Since the high resolution dots have a small dot 
size, they have significantly different dot gain char- 
acteristics from those of the low resolution dots. 
The dot gain characteristics denotes variation in 
25' dot percent in making a printing plate from a hal- 
ftone film or in actual printing procedure. The dot 
gain characteristics depend, oh a dot shape and a 
screen ruling. The high definition halftone dots and 
the FM dots have different dot gain characteristics. 
30 . Application of the high resolution dots to highlight 
areas in an image causes a dot loss and reduces 
the dot percent compared with the low resolution 
halftone dots, whereas application of the high reso- 
lution dots to mi.ddie-tone areas and shadow areas . 
35 . results in a dot gain and makes the dot percent 
• * greater than that of the low resolution halftone dots. 
A prepress process and a printing process are 
executed generally based on the dot gain char- 
acteristics of the conventional low resolution hair 
40 ftone dots. The low resolution-halftone dots are 
preferable to the high resolution dots in terms of 
reproducibility of dot size. It may be accordingly 
preferred to apply high resolution dots to some 
areas in an original image and low resolution dots 
45 to the other areas. 

If a halftone image is prepared by selectively 
. applying high resolution dots and low resolution 
..' dots to a plurality of image. areas in one image, the 
difference in the dot gain characteristics may cause 
so the plurality of image area to have different printing 
characteristics, that is,- relation between the density 
of a reproduced image and a level of an original 
image signal. Such a problem arises when a plural 
1 types of dots having different dot gain characteris- 
55 tics are applied to one image. 

Even when each whole image is reproduced 
with one type of dots, two images reproduced with 
the . same machine, may have different printing 
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characteristics if different types of dots are applied, 
to them. • 

SUMMARY OF THE INVENTION 

. . An object of the present invention is accord- 
ingly to compensate dot gain characteristics of 
different dots types. . . 

The present invention is directed to a method 
of generating" a halftone image from an image 10 
signal representing an original image. The method 
comprises the steps of: (a) dividing the original 
image into a plurality of image areas and assigning 
one of a plurality of dot types to each of the 
plurality of image areas, the plurality of dot. types 15 
having a difference in^dbt gain characteristics be- 
tween each other; (b) providing an image signal 
and a plurality of dot pattern signals, the plurality of 
dot pattern signals representing threshold values 
adaptable to generate respective dots of the plural- 20 
ity of dot types; (c) executing tone correction on at 
least either of the image sigrjal and the plurality of 
dot pattern signals to compensate for. the differ? V 
ence in dot gain characteristics between the plural- 
ity of dot types; and (d) comparing the image 25 
signal with one of the plurality of dot . pattern sig- 
nals after the tone correction in each of the plurality, 
of image areas, to thereby generate an image 
recording signal representing a halftone image in 
which each of the plurality of image areas is repro- . 30 
duced with one of the plurality of dot types as- 
signed to the each of the plurality of image areas. . — ; 

Accordingly, the original image is reproduced \ 
with compensated dot gain characteristics of each 
dot type even when . different types of dots are 1 .35 
applied to one image! 

In a preferred embodiment of the present in- : 
yention, the step (c) comprises the step of: correct- 
ing the image signal to compensate for the dif- 
ference in the dot gain characteristics. . ." • ' 40 

Alternatively, the step (c) comprises the step 
of: correcting the plurality of dot pattern signals to 
compensate for the difference in the dot gain char- 
acteristics. 

The plurality of dot types comprises a high 45 
resolution dot having a relatively high resolving 
power, and a low resolution dot having a relatively .' 
Jow resolving power. 

The high resolution dot includes a Frequency 
Modulation dot whose frequency of appearance is~ 50 . 
varied with image density. 

The present invention is also directed to an \ 
apparatus for generating a , halftone image from an 
image signal representing ah original image. The 
apparatus , comprising : area discriminating means 55 
for providing an area discrimination signal dis- 
criminating a plurality of image areas in the original 
image, each of the plurality of image areas being 



assigned to one of. a plurality of dot types, the 
plurality of dot types having a difference in dot gain 
characteristics between each other; means for pro- 
viding an image signal and a plurality of dot pattern 
signals, the plurality of dot pattern signals repre- 
senting threshold values adaptable to generate re- 
spective dots of the plurality of dot types; conver- 
sion means for executing tone correction on at 
least either of the image signal and the plurality of 
dot pattern signals to compensate for the differ- 
ence in dot. gain characteristics between the. plural- 
ity of dot types; and recording signal generation 
means for comparing the image signal with one of 
the plurality of dot pattern signals after the tone 
porrection in each of the! plurality of image areas 
while discriminating the plurality of image areas 
according to the area discrimination signal, to 
thereby generate an image recording signal repre-. 

.senting a halftone image in which each, of the 
plurality of image areas is reproduced with one of 
the plurality of dot types assigned, to the each of 
the plurality of image area's. > 
„ In one preferred embodiment, the apparatus 
further comprises: means; for storing a. plurality of 

. conversion characteristics corresponding to respec- 
tive dot gain characteristics of the plurality of dot 
types; and wherein the conversion means com- 
prises: means for correcting the plurality of dot 
pattern signals as a function of the plurality of 

j conversion characteristics, respectively, to. thereby 
generate a plurality of: corrected dot pattern sig- 
nals; and the recording signal generation means 
comprises: means for comparing the image signal 
with one of the plurality of corrected dot pattern 
signals in each of the plurality of image areas. 

These and other objects, features, aspects, and 
advantages of the present invention will become 
more apparent from the following detailed descrip- 
tion of the preferred embodiments with the accom- 
panying drawings. j 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram illustrating the struc- 
, ture of a halftone image producing apparatus as 
a first embodiment according to the invention; 
Fig. 2- is a graph illustrating tone correction 
characteristics stored in look-up tables of a char-, 
acteristics conversion circuit 14; .-' 
Fig. 3 shows a variation in dot shape of a square 
halftone dot or a low resolution dot in a unit 
area;' ' . 
Fig. 4 illustrates a variation in dot arrangement 
of FM dots or high resolution dots in the same 
unit area; 

Fig. 5 is a block diagram showing a dot generat- 
ing apparatus as a second embodiment accord- 
ing to the invention; . 
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unit' of recording in a recording scanner. As to the 
square dot shown in Fig. 3, the area of one black 
dot increases with the increase in density. As to 
the FM dots shown in Fig. 4, on the other hand, the 
frequency of appearance of black dots increases 

rwith the increase in density. Incidentally, one pixel 
of the input image signal has, for example, the size 
of 1 0 spots by 1 0 spots. . 

A threshold pattern representing a variation in 
dot percent of the square dot as shown in Fig. 3 is 
stored in a first type dot pattern signal memory 
(Fig. 1) while another threshold pattern represent- 
ing a variation in the arrangement of the. FM dots 
as shown in Fig. 4 is stored in a second type dot 
pattern signal memory. The unit threshold patterns 
for the square dot and the FM dot are virtually 
repeated to be" applied on „an image plane of . a 
recording image without any clearances. In order to 
realize the repeated arrangement of each threshold 
pattern, each threshold pattern is repeatedly read' 
but at a predetermined period. Actually, the thresh- 
old pattern stored in each memory has dimensions . 
of more than 23 spots by 23 spots. 

The FM dots are arranged at random as shown 
in Fig. 4, thus preventing both rosette moires and 
object moires. The object .. moires occur due to 
interference of a pattern in an original image with a., 
periodic arrangement of dots. The small FM dots 
also , realize favorable reproducibility in details of 
the image. In reproduction of a color print by 

, overprinting a plurality of color separation images 
one upon another, different threshold patterns are 
applied to halftone images of the respective color 
inks. This effectively prevents color mismatch, or ~ 
color shift in a resulting print from a desired color, 
due to misalignment of plates in printing process. 

There are several . types of FM dot: the fre-- 
quency of appearance is varied according to the 
density of an image for one type; and the fre- 
quency of appearance and the dot size are varied 
according to the density for another type. The term , 
"FM dot" in this specification means a type for 
which at least the frequency of appearance is var- 
ied with the density of an image. The resolving 
power of FM dot as a high resolution dot is greater 
than about 600 dpi [dot per inch], and more prefer- 

• ably greater than about 800 dpi. Some recording 
scanners have a high resolving power of about 
4,000 dpi. Upon condition that the FM dots, are 
recorded by such a high resolution recording scan-, 
ner, each FM dot may be set to occupy an area of 
2x2 spots or 3x3 spots of the recording scanner. 
This prevents the size, of each FM dot from being 
excessively small, and improves the dot reproduc- 
ibility in printing. 

Applicable high resolution dots other than the 
FM dot include a high definition halftone dot, which 
has a greater, screen ruling than a conventional, low 



resolution halftone dot. The high definition dot has 
a screen ruling of about 300 Ipi [lines per inch] or 
more while a low resolution dot has that of about 
200. Ipi or less : Since the high definition halftone 
5 ■; dot is small in size, it effectively prevents rosette 
moires and improves the reproducibility in image 
details. 

Although the low resolution dot is inferior to the 
high resolution dot in reproducibility of image de- 
10 tails, it has better printing stability and dot repro- 
. ducibility than the high resolution dot in image 
areas of rather uniform density. 

The n pieces of comparators shown in Fig. 1 
respectively compare the n pieces of image signals 
15 S1 through Sn output from the characteristics con- 
version circuit 14 with the n pieces of dot pattern 
signals D.1 through Dn read out of the n pieces of 
dot pattern signal memories 16, respectively. As a 
' result, the comparators generate n pieces of expo- 
20 sure signals DT1 through DTn. The dot selector 
circuit 20 receives the n pieces of exposure signals 
DT1 through DTn thus generated and selects one 
. of the n pieces of exposure signals DT1 through 
DTn to output the selected exposure signal. 
.25 The area discriminating circuit 22 outputs the 

area discrimination signal SEL for discriminating 
high-resoiution, dot areas; from low-resolution dot 
v areas in an image. The area discrimination signal 
SEL is given to the dot selector circuit 20 to select 
30 Van exposure signal accordingly. The function of the 
area discriminating circuit 22 can be realized by a 
memory for storing bit map data whose values are 
different for the high-resolution dot areas and the 
.. low-resolution dot areas in the image. For example, 
. 35 the value of the bit, map data is i for pixels in the 
high-resolution dot areas, and 0 for pixels in the 
low-resolution . dot areas. J When an image signal 
- corresponding to each pixel is converted to an 
;. \ exposure signal by the comparators 18, the area 
40 . discriminating circuit 22 reads but the bit map data 
from its internal memory according to a recording 
. position coordinate signal representing the posjtion 
of the recording pixel as an address to thereby 
output the same as the area discrimination signal 
45 SEL. \ 

The high-resolution, dot areas can be discrimi- 
nated from the. low-resolution, dot areas arbitrarily 
according to user's interactive instructions, or alter- 
natively Recording to some difference in character- 
so istics of image areas. For example, a Laplacian 
• filter is applied to the image signals representing 
an original image to obtain filtered image signals 
indicating spatial frequencies in the original image. 
Pixels having higher spatial frequencies than a 
55 threshold value are determined to be in a high- 
resolution dot area whereas the other pixels having 
lower spatial frequencies than the threshold value 
are determined to be in a low-resolution dot area. 
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pieces of corrected dot pattern signals. The n 
pieces of corrected dot pattern signals are stored 
in the dot pattern signal memories 18, which are 
implemented by RAMs. 

The fourth embodiment shown in Fig. 7 has the - 5 
same effects as the first through third embodi- 
ments. A function of the multiplier circuit 44 can be 
carried out by a CPU (not shown) in the dot gen- 
erating apparatus, which controls overall operations 
of the apparatus. This will reduce required hard- w 
ware circuitry compared with the other embodi- 
ments: 

The present invention is applicable to images 
which are not divided into high-resolution dot areas ; 
and low-resolution dot areas. For example, the . ap- 75 
paratus of the embodiments can be applied to 
preparation of a halftone image which is repro- 
duced with only the high-resolution dot. Since the 
tone characteristics are converted according to the 
printing conditions even in this case, a desirable 
reproduced image can be obtained according to 
the printing conditions. 

As a modification of the above embodiments, n 
pieces of standard dot pattern signals, which reflect 
standard differences in, dot gain characteristics, can 
be prepared in advance/and the standard dot. 
pattern signals can be. adjusted according to the 
actual tone characteristics by the characteristics 
conversion circuit in the cases of the embodiments 
of Figs. 1 , 5, and 6 or by the look-up tables in the 30 
case of the embodiment of Fig. 7. The actual tone 
characteristics depend on the printing conditions, 
including a printing paper, inks, and service con- 
dition's of a printing machine. : 
- Although the present invention has been de- '35 
scribed and illustrated in detail, it is clearly under- : 
stood that the same is by. way of illustration and 
example only and is not to be taken by way of 
limitation, the spirit and scope of the present inven- : 
tion being limited only by the terms of the appen- 40 
ded claims. 

Claims 



(c) executing tone correction on at least 
either of said image signal and said plurality 
of dot pattern signals to compensate for 
said difference in dot gain characteristics 
between .said plurality of dot types; and . ■ 

(d) comparing said image signal with one of 
said plurality of dot pattern signals after the 
tone correction in each of said plurality of 
image areas, to thereby generate an image 
recording signal representing a halftone im- 
age in which each of said plurality of image 
areas is reproduced with one of said plural- 
ity of dot types assigned to said each of 
said plurality of image areas. 



. 2. A method in accordance with claim 1, wherein. 
' said step (c) comprises the step of: 

. correcting said image signal to compen- 
sate for said difference in said dot gain char- 
20 - acteristics.. " 



A method in accordance. with claim 2, wherein 

.\said plurality of dot types comprises a 
high resolution dot having a relatively high 
resolving power, and a low resolution dot hav- 
ing a relatively low. resolving power. 



25 



A method in accordance with claim 3, wherein 
said high resolution dot includes a Fre- 
' quency Modulation dot whose frequency of 
. appearance is varied with image density. 

A method in accordance with claim 1 , wherein 
said step (c) comprises the step of: 

. . correcting said plurality of dot pattern sig- 
nals to compensate for said difference in said 
dot gain characteristics. > - 

A method in accordance with claim 5, wherein .. 

said plurality of ' dot types comprises a 
high resolution dot having a relatively high 
resolving power, and a low resolution dot hav- 
ing a relatively low resolving power. 



1. A method of generating a halftone image from 
. an image signal representing an original im- 
age, said method comprising the steps of: 

(a) dividing said original image into a plural- 
ity of image areas and assigning one of a 
plurality of dot . types to each of said plural- 
ity of image areas, said plurality of dot 

. types having a difference in dot gain char-' 
acteristics between each other; 

(b) providing an image signal and a plurality 
of dot pattern signals/ said plurality of dot 
pattern signals representing threshold val- 
ues adaptable to generate respective dots 
of said plurality of dot types; 



45 7. A method in accordance with claim 6, wherein 
said high resolution dot includes a Fre- 
quency Modulation dot whose frequency of 
appearance is varied with image density. 

50 8. An apparatus for generating. a halftone image 
, from an image signal representing an original 
image, said apparatus comprising: 

area discriminating means for providing an 
area discrimination signal discriminating a plu- 
55. rality of image areas in said original image, 
each of said plurality of image areas being 
assigned to one of a plurality of dot types, said 
plurality of dot types having a difference in. dot 
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gain characteristics between each other 

means for providing an image signal and a 
of dot pattern signais, L p (ur C 

1 adaoLT 9 r' S rePreSentin9 thresh0 « "at 
conversion means for executing tone cor- 

^recording signal generation means for • 
comparmg said image signal with one of said 
Pk.ral.ty of -dot pattern signals after the tone 

sionai : . 19 10 sa,a ar .ea discrimination 
. s gna , to thereby generate an image recordina 
signal representing a halftone image "wS 

duced Jt P,Ura " ty ° f ima 9 e ^as is repS 
duced with one of said plurality of dot types 

•ST said each of said * «SK 
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9- An apparatus in' accordance with claim 

where, said conversion means comprises 
,. ^means for correcting said image signal to 



in accordance with claim 9, 



10. An apparatus 
wherein .'• 

. said plurality of dot types comprises a 
high resolution dot having a relat"eT h g h 
resolving power, and a low resolution dot 3 
; ; ,n 9 a re,a «^'y low resolving^ power 

1 V^err ara,US ^ aCC ^nce with claim 

said high resolution , dot includes a Fro 
: a q " a " Cy Modulation dot whoso fre^ency " f " 
appearance is varied with image density ' 
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12. An apparatus in ; acco/dance with claim 8 
■ wh -e,n said conversion means comprise? ' 
means for correcting ; said plurality of dot 

pattern signals to compensate for said 2? ' 

ference in said dot gain characteristics , 

la xr^ inacc ^ i 2l . 
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• , said high resolution , dot includes a p,. 

. ■■: ..^^^^^ ^ 

said cony.ersion.means comprises- : • 
• natto mea ? s ^ correcting said plurality of dot - 
Pattern signals as a function of said pKftv o f 
- ^ V8 *'°n characteristics, respecE* ? 

co m 5l reCOrd,n9 **!- aeration means 

16 ' wS aratus '" ^- ^ ^ l 5 , 

said high resolution dot includes a f™ 
quancy Modulation dot whose fluency J 
appearance is varied with image density^ ; . /.. 
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